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Abstract. From 2010 to 2015, satellite transmitters were deployed on 16 adult female Steller sea lions (AFSSLs; Eumetopias jubatus) in three regions of Alaska because there is limited information regarding the habitat use of this age class during winter and populations have yet to recover in western Alaska. Two approaches were used to assess how static (distance to shore, sea lion site, and continental shelf break, presence on/off the continental shelf, and bathymetric depth and slope), dynamic (proportion of daylight, fraction of lunar illumination, chlorophyll-a, wind speed, sea surface height, eddy kinetic energy, and sea surface temperature), and other (region, distinct population segment, and season) covariates affected the habitat use of AFSSLs. Multimodel inference was first used to examine diving behaviors (mean and maximum dive depths, dive frequency) with respect to covariates using linear mixed-effects models, whereas single model inference was used to examine kernel density estimates (KDEs) of individual monthly utilization distributions (n = 74) in western Alaska with respect to environmental covariates using generalized additive models. Additionally, weighted coefficients from these models were examined for the population as a whole, within each individual, between regions, and across monthly scales. Comparisons of foraging behaviors of AFSSLs over time and space revealed pronounced individual variability within overall broader patterns. Response variables of most models were related to various combinations of predictor variables, but distance to shore was the most influential variable across all models. As expected with a non-migratory central place forager, frequency of diving and KDEs were greater on the shelf and near shore, though maximum dive depths increased with distance to shore. Interaction effects (proportion of day light*on/off shelf) observed for mean dive depths suggested AFSSLs were feeding on benthic species when in shelf waters near shore, whereas they were likely feeding on vertically migrating prey species while off-shelf. Relationships regarding diving behaviors and KDEs of AFSSLs relative to dynamic oceanographic variables were not as prominent as those observed for static environmental variables, though some signals were apparent at different scales. Overall, static environmental features likely provided more consistent sources of habitat for prey resources, thereby making them more predictable for AFSSLs.
INTRODUCTION
Steller sea lions (SSLs; Eumetopias jubatus) inhabit a wide range of oceanic regimes throughout the North Pacific Ocean and adjoining seas, which are characterized by a combination of static and dynamic hydrographic features. Because some of these features constitute essential habitat for prey (e.g., Turner et al. 2017 ), information regarding those features important to SSLs is necessary for understanding their habitat use, foraging ecology, and the mechanisms that may be influencing their population dynamics (NMFS 2008) . Steller sea lions suffered a significant decline in the western area of their U.S. range from the late 1970s through the 1980s (Braham et al. 1980 , Loughlin et al. 1992 , which led to the species being listed as threatened under the U.S. Endangered Species Act (ESA) during 1990 (55 FR 49204) . After two stocks, or distinct population segments (DPS), were identified and geographically delineated at Cape Suckling, Alaska (144°W longitude ; Loughlin 1997) , the western DPS (wDPS) was subsequently listed as endangered under the ESA during 1997 (62 FR 24345) . The wDPS continues to decline west of Samalga Pass (~170°W) in the western and central Aleutian Islands (WAI and CAI; K. Sweeney, personal communication), hereafter referred to as western Alaska, whereas the eastern DPS (eDPS) has recovered and was delisted during 2013 (78 FR 66140).
Overall, there have been insufficient data to determine reasons for population declines (NRC 2003) , which have varied over time among regions of the SSL metapopulation (York et al. 1996, Loughlin and York 2000) . Juvenile mortality was primarily implicated as a factor for steep population declines observed for the wDPS during the 1980s (Merrick et al. 1987 , Pascual and Adkison 1994 , York 1994 , Holmes and York 2003 , whereas factors responsible for declines during the 1990s are uncertain (NMFS 2008) . Although questionable (Maniscalco et al. 2010, Horning and Mellish 2012) , a decline of natality rates appeared to be associated with a paucity of population recovery from the mid-1980s to the early 2000s (Pitcher et al. 1998 , Fay and Punt 2006 , Winship and Trites 2006 , Holmes et al. 2007 ), but natality rates for the eastern portion of the wDPS have since recovered to baseline rates observed during the early 1970s (Fritz et al. 2014) . Lack of vital rates data for western Alaska, however, precludes our understanding of the decline in that area (Fritz et al. 2014) .
Reduced pup production may be experienced by adult female Steller sea lions (AFSSLs) suffering from nutritional stress due to prey shortage or quality (Trites and Donnelly 2003) , which may be more detrimental to individuals during winter (Rosen 2009 ). Among other things, lower adult survival may also be a result of food limitation during winter (Altukhov et al. 2015) . It is uncertain whether nutritional stress has impeded the recovery of populations in the WAI and CAI, but NMFS (2014) concluded that if nutritional stress is affecting the wDPS, it is probably chronic and due to localized prey limitation and/or low diet diversity. Although the diet of juvenile and AFSSLs has been studied extensively for the wDPS (Sinclair and Zeppelin 2002 , Lander et al. 2009 , Sinclair et al. 2013 , Tollit et al. 2017 , Fritz et al. 2019 , other aspects of AFSSL foraging ecology that may be representative of their prey base have not been well studied. Diving behaviors and movements of AFSSLs have been described for only a small sample of individuals that were satellite-tagged in the Aleutian Islands and Gulf of Alaska more than 20 yr ago (Merrick et al. 1994 , Merrick and Loughlin 1997 , Andrews et al. 2002 and habitat use was not quantified thoroughly.
Empirical studies of species-habitat relationships are applicable to the management and conservation of endangered species because they are informative about the biological and physical characteristics of resources and essential features needed to survive, reproduce, and persist (Block and Brennan 1993, Hall et al. 1997) . In turn, this knowledge is useful for establishing protected areas for species of concern Trites 2008, Hooker et al. 2011) , predicting habitat use with more certainty (Silber et al. 2017) , and understanding broader population patterns associated with environmental processes (e.g., Miller et al. 2005 , Trites et al. 2007 . Additionally, multi-scale approaches for assessing species-habitat relationships have become widely used (Turner 2005 , Mayor et al. 2009 , McGarigal et al. 2016 in part because animals are thought to interact with their environment across several spatial and temporal scales for different reasons in a hierarchical fashion (Johnson 1980 , Wiens 1989 . For example, Kalarus and Nowicki (2017) suggested that studies of habitat use conducted over larger spatial scales might reveal drivers of metapopulation dynamics, whereas studies conducted at smaller spatial scales may reveal individual preferences.
The objective of our study was to use a multi-scale framework to assess the winter habitat use of AFSSLs from Alaska. Telemetry studies with AFSSLs have not been conducted since the turn of the century as studies were focused on juveniles because reduced survivorship of this age class was the leading hypothesis for population declines (NMFS 2001) . Additionally, ineffective capture techniques, including risks with dart delivery and Telazol complications (Loughlin and Spraker 1989 , Heath et al. 1996 , Haulena 2007 , along with the endangered status of the wDPS, led to a hiatus in research involving the capture of AFSSLs. However, after combinations of chemical immobilizing agents coupled with reversible anesthetic protocols were developed for captive (Spelman 2004 , Haulena 2007 ) and free-ranging (Melin et al. 2013 ) California sea lions (Zalophus californianus), an effective dosage range for the most promising combination of drugs was established for SSLs (Melin et al. 2013 , Haulena 2014 . To assess the utility of this anesthetic protocol with a remote delivery system for freeranging AFSSLs, a pilot study was conducted with three individuals in Southeast Alaska (SEAK) due to logistics associated with darting AFSSLs from the wDPS (i.e., ESA status, weather, and accessibility). After successfully darting, tagging, and monitoring those individuals from SEAK, similar protocols were implemented in western Alaska. Two approaches were used to assess the habitat use of AFSSLs from western Alaska, whereby (1) a multimodel inference approach was first used to examine diving behaviors with respect to environmental features, and (2) single model inference was used to examine kernel density estimates (KDEs) of utilization distributions (UDs) with respect to environmental features at various spatial and temporal scales.
METHODS

Captures
Three AFSSLs associated with a pup or juvenile were chemically immobilized at three haulout sites in SEAK (eDPS) during November 2010 (Table 1 and Fig. 1 ) using darting techniques (Appendix S1). All AFSSLs were measured, weighed, sampled, and Fastloc-GPS satellite transmitters (SPLASH10-F-400, Wildlife Computers, Redmond, Washington, USA), hereafter referred to as "tags," were attached to the head of each animal using 5-min epoxy (Devcon, Riviera Beach, Florida, USA) prior to administration of reversal drugs and release (Appendix S1).
After anesthetic protocols were administered safely to SEAK individuals, 13 AFSSLs of the wDPS from western Alaska (n = 3 in the WAI and n = 10 in the CAI) were darted and tagged at seven rookeries and two haulout sites during October-November from 2011 to 2015 (Table 1 , Fig. 1 , and Appendix S2: Figs. S1ÀS2). All tags were programmed to acquire Fastloc-GPS positions every 15 min and conductivity (wet/dry) readings every 20 min, which were compiled into 24-h timeline messages. From 2010 to 2014, tags were programmed to transmit dive histogram messages, whereas during 2015, tags were programmed to transmit dive behavior messages. For dive histogram messages, maximum dive depths were summarized for 14 bins, over four 6-h periods per day (00:00-5:59, 6:00-11:59, 12:00-17:59, 18:00-23:59 Greenwich Mean Time; Appendix S1). Dive behavior messages included maximum depth of individual qualifying dives (defined as ≥10 m depth and ≥1-min duration) and the time at which they occurred.
Data analyses
All telemetry data were obtained from the Argos Data Collection and Location System, decoded, cleaned, speed filtered, projected, and processed with a continuous-time correlated random walk (CTCRW) model to predict animal locations corresponding to the 20-min timeline data, followed by a land-avoidance algorithm (Appendix S1).
Dive histogram data.-Summary statistics (i.e., mean maximum dive depth; hereafter mean dive depth, maximum dive depth, and number of dives) for dive depth bin data >4 m (Merrick † Transmissions were initiated on 12/11/2014 (instead of capture date) because this individual was also tagged with a prototype transmitter (see Lander et al. 2015) . al. 1994 al. , Loughlin et al. 2003 were calculated for each histogram message using methods of Lea et al. (2010) and assigned to the CTCRW predicted spatial location corresponding to the temporal midpoint of each dive period. Categorical covariates (i.e., geographic region, DPS, and two definitions of seasons) were assigned to each wet spatial location associated with dive data and a series of static and dynamic environmental covariates were extracted for those locations (Appendix S1). Static environmental variables included bathymetric depth and two measures of bathymetric slope (i.e., degrees and percent rise; PR). Additionally, distances to shore, nearest SSL site (including rookeries and haulouts), and continental shelf break (200 m bathymetric contour) were calculated for each dive location, which was also categorized as being on or off the shelf.
Proportion of daylight per 6-h period and daily fraction of lunar illumination were extracted for all dive locations as described in Sterling et al. (2014) , whereas other dynamic environmental variables, including chlorophylla (chl-a), wind speed, sea surface height (SSH), eddy kinetic energy (EKE), and sea surface temperature (SST), were only extracted for dive locations from the wDPS dataset because remote sensing data from SEAK are unreliable due to topographic effects of the coast and shelf in that area. Additionally, local artifacts associated with coastal data tend to distort altimetry signals and can produce unrealistic features (Caballero et al. 2008) . For visualization purposes, geoprocessing tools (Appendix S1) were used to determine the core location and polarity of geostrophic eddies (Henson and Thomas 2007) in daily SSH rasters using the Okubo-Weiss (OW) parameter (Okubo 1970 , Weiss 1991 with default threshold values.
Dive data summary statistics were log-transformed and used as response variables in linear mixed-effect (LME) models (nlme package, R 3.0.1, R Development Core Team 2016) with individual as a random effect/grouping variable and a first-order autoregressive [AR(1)] correlation structure. The random intercepts and AR (1) correlation structure within each animal accounted for both pseudo-replication of dive periods by fitting an effect to control for overall diving differences between individuals and for temporal similarity of dive periods within each individual's time series. These models were examined for two distinct groups. For one group, both stocks were pooled and response variables were examined relative to all categorical and static environmental covariates and some dynamic environmental covariates (i.e., proportion of daylight and fraction of lunar illumination) because the remaining dynamic environmental covariates were not extracted for the eDPS AFSSLs. For the second group, response variables were examined with respect to all covariates for AFSSLs from only the wDPS. Model selection initially entailed examining each of the three response variables relative to independent predictor variables, including two interaction terms (i.e., proportion of daylight * presence on/off the shelf, lunar fraction * presence on/off the shelf). Region and season were coded as indicator variables with the WAI and winter used as controls, respectively. Significant covariates and interaction terms from the independent models were then used to construct a full model for each dive response variable. Akaike information criterion (AIC) was used to choose the best covariate for full models in cases where there was more than one measurement for a given covariate (i.e., season and bathymetric slope) or covariates were similar or correlated (i.e., distance to shore and distance to nearest SSL site). All full models served as the initial model for backward stepwise model selection using AIC (stepAIC, package MASS, R), and diagnostic plots (i.e., q-q and residuals) were used to determine whether those models were appropriate. Additionally, plots were examined to interpret interaction effects. Lastly, a significance level of P ≤ 0.05 was used for all LME analyses.
Dive behavior data.-After extracting environmental covariates for each spatially explicit dive location (Appendix S1), these data were analyzed using LME models as described above, except dives were classified as day or night (in lieu of proportion of daylight per 6-h period). Interaction effects were not examined due to the limited sample size. To discern benthic foraging, a dive index (DI) ratio was calculated for each dive by dividing maximum dive depth by corresponding bathymetry value (Simmons et al. 2007 ) and dives with DI values ≥0.95 were classified as benthic dives (Jessopp et al. 2013) .
Kernel density estimators.-To examine the relative intensity of spatial habitat use by AFSSLs from the wDPS, wet predicted locations generated from the CTCRW models were used to construct monthly UDs for each individual (Van Winkle 1975 , Worton 1989 ) using kernel density estimators (Appendix S1). For qualitative purposes (i.e., visual interpretation via data overlay), polygons representing the 0.95 and 0.50 quantiles of each monthly grid were constructed to define home range and core areas, respectively (Van Winkle 1975 , Samuel et al. 1985 , Laver and Kelly 2008 .
Following data adjustment, covariate extraction, and collinearity diagnostics (Appendix S1), KDEs of monthly UDs were log-transformed and examined with respect to seven environmental covariates (i.e., distance to shore and shelf break, bathymetric depth and slope, SST, SSH, and EKE) using individual-based generalized additive models with a Gaussian distribution and restricted maximum likelihood (REML; mgcv package, R; Wood 2006 Wood , 2009 . To address spatial autocorrelation in the data, a smooth function was applied to the spatial coordinates of each observation (i.e., centroid of UD grid cells) as an additional predictor variable in each individualbased monthly generalized additive model (IMGAM). Basis function size (k) of the spatial term for each IMGAM was increased by a factor of 10 until the gam.check function in the mgcv package indicated the k-index value was ≥1.0 (Wood 2017) . Function bam with fast REML (fREML) was used for larger datasets that needed longer computational time due to greater k values (e.g., k > 100; Wood et al. 2015) .
Unlike the multimodel inference approach used for the dive data, predictor variables of IMGAMs were the same across individuals and months to reduce computing times (Ver Hoef and Boveng 2015) and so results could be summarized collectively at different spatial and temporal scales. For each predictor variable, IMGAM coefficients (b) were pooled across four different groupings of the data, including the population as a whole, and within each individual, region (WAI and CAI), and month (October-June). The weighted population mean ( b) of each group was calculated using the following:
where the weight (x) for each coefficient estimate (b) was proportional to 1/Var (b i ). Additionally, the standard error (SE) of each group ( b) was calculated using the following:
to determine whether b for each covariate differed from zero. Standard errors also were used to compare the significance of b estimates between regions and among months, where estimates were considered different if SEs did not overlap.
Because distance to shore was the primary predictor variable found to influence the distribution of AFSSLs across datasets (see Results), a subset of off-shelf UDs corresponding to wet, predicted locations beyond the continental shelf were computed for six AFSSLs to further investigate which environmental features were influencing the distribution of AFSSLs in off-shelf waters (Appendix S1). Analyses described above were repeated using single model inference with the same environmental predictor variables. Results of IMGAMs were not compared between regions because only one individual traveled offshelf in the WAI. Additionally, monthly comparisons of pooled IMGAMs did not extend beyond April.
RESULTS
Following chemical immobilization, all AFSSLs were found at a deep plane of anesthesia and all vital signs were within normal ranges during sampling and tagging procedures (Appendix S2: Fig. S2 ). After reversal drugs were administered, all AFSSLs were awake and active in <15 min and post-release behaviors were monitored up to~9 months (Table 1) 
AFSSL movements
In SEAK, #61079 remained around Benjamin Island, within Favorite Channel in upper Lynn Canal until April before proceeding into Berners Bay and northern inlets through May. Thereafter, Fig. 2 . Wet, predicted locations (n = 34,512) from continuous-time correlated random walk (CTCRW) models for three AFSSLs from the eastern distinct population segment (DPS) in SEAK. Black dots (n = 1565) represent positions corresponding to the temporal midpoint of each daily 6-h period, where dive histogram data (mean, maximum, and frequency of maximum dive depths) were assigned and environmental covariates were extracted.
❖ www.esajournals.org 7 February 2020 ❖ Volume 11(2) ❖ Article e03021 all movements ranged between Benjamin Island and northern sites until July, when she traveled south to Frederick Sound until signal cessation on 15 July (Fig. 2) . Until mid-February, #61083 used areas around Frederick Sound, including Port Houghton, some smaller bays, and a trip into the Wrangell Narrows, after which she moved up to Favorite Channel until mid-April. Thereafter, #61083 proceeded to use similar areas as #61079 for the remainder of tag life (end of May), but also made a trip back down to Taku Inlet and Tracey Arm during April. In contrast, #61111 only remained in Frederick Sound until December before embarking on a series of looping trips, whereby she headed north into the inside passage, traveled through Sergius Narrows, and exited Salisbury Sound into coastal waters of the Gulf of Alaska. Once on the outer coast, she traveled to Sitka Sound and multiple SSL haulouts before heading back through Chatham Strait and into Frederick Sound to repeat the process.
In western Alaska, seven (#14751, #34449, #61081, #61087, #61088, #61095, and #61105) of 13 Fig. 3 . Wet, predicted locations (n = 100,979) from CTCRW models for 13 AFSSLs from the western DPS in the Aleutian Islands. Dive histogram locations (n = 1615) are illustrated, whereas locations of dives (n = 20,941) from behavior messages for three AFSSLs (#35222, #61088, and #61105) are not included because they covered the tracks.
AFSSLs remained primarily on the continental shelf and close to shore for tag duration, whereas six AFSSLs used both shelf and off-shelf habitats, traveling as far as 420 km from shore ( Fig. 3 ). All but one of those AFSSLs (#35224) traveled south of the Aleutian Archipelago into waters of the North Pacific Ocean, either near or beyond the Aleutian Trench. Three AFSSLs (#35224, #35226, and #61089) used off-shelf areas in the western Bering Sea Basin (Bower's Basin) and Petrel Bank, northwest of Semisopochnoi Island in the CAI. The majority of locations occurred back on the shelf by April for those off-shelf AFSSLs with tags that transmitted beyond winter (#34224, #35226, and #61142). All AFSSLs remained in their region of capture.
Dive data
Dive histograms.-A total of 3669 histograms had maximum dive depths (n = 264,124; Table 2 ) exceeding 4 m (Appendix S1), which averaged 28.4 AE 36.0 m. After interpolating dive summary statistics to CTCRW positions, 3180 histograms were associated with wet, predicted locations (Table 2 ; Figs. 2, 3) and maximum depths of dives (n = 249,014) averaged 29.2 AE 36.6 m.
Mixed-effects models (pooled stocks).-Significant relationships were found for the majority of models (n = 31) when individual dive response variables were examined with respect to independent covariates for the pooled dataset comprised of both stocks (Appendix S3: Table S1 ). Lunar fraction and bathymetric slope (PR) were the only covariates that were not significant predictors of any dive response variables. AIC values indicated calendar season was a better predictor of diving behaviors than two seasons (winter/summer) for two (i.e., mean and maximum dive depths) of the three response variables. Likewise, DPS was a better model fit than region for mean maximum dive depths and number of dives (i.e., dive frequency). Distance to shore had lower AIC values than distance to nearest SSL site for all three dive variables, and bathymetric slope as calculated in degrees had lower AIC values than calculated as PR for the majority of response variables (Appendix S3: Table 2 . Summary statistics for maximum dive depths obtained from histogram messages (n = 3669) for 13
AFSSLs and dive profiles (n = 21,644) for three AFSSLs, as well as the subset of dive histograms (n = 3180) and profiles (n = 20,941) interpolated to wet, predicted locations from CTCRW models. Notes: CTCRW, continuous-time correlated random walk; Histos, histogram messages; x AE SD, mean of maximum dive depths AE standard deviation; m, meters. Other abbreviations and symbols are as in Table 1 .
† Dive profiles (as opposed to histograms) were collected for these individuals. Table S1 ). Consequently, calendar season, DPS, distance to shore, and slope degrees were used in all full models (Table 3) .
Overall, full models provided best model fits as no covariates were eliminated during stepwise analyses. Mean depths of dives during winter were significantly deeper than during all other seasons, whereas maximum depths of dives during winter only exceeded those during summer (Table 3) . Dive frequency during spring and summer was greater than during winter. Furthermore, mean and maximum dive depths of AFSSLs from SEAK (eDPS) were greater than those of AFSSLs from the Aleutian Islands (wDPS). Mean and maximum dive depths were positively related to distance to shore (and Table 3 . Results of stepwise LME models used to examine diving behaviors (i.e., mean, maximum, and number of maximum dive depths from histogram messages) of 13 AFSSLs from the eDPS (n = 3) and wDPS (n = 10) with respect to covariates that were significant for independent LME models. Table S1 ) were used to construct full models for stepwise analyses.
*P < 0.05, **P < 0.01, ***P < 0.001. bathymetry for maximum dive depths), whereas dive frequency was negatively related to distance to shore and bathymetry. Mean dive depths displayed a negative relationship with bathymetric slope. Lastly, negative relationships were found between mean and maximum dive depths and distance to the shelf break, whereas frequency of diving increased with distance to the shelf break (Table 3) . Significant interactions between proportion of daylight and foraging location (on/off the shelf) were found for all three dive response variables. Mean dive depths were deeper during night than during the day when AFSSLs were in shelf waters, whereas mean dive depths did not vary significantly with proportion of daylight while in off-shelf waters. Maximum dive depths and dive frequency were negatively related to proportion of daylight both on and off the shelf.
Mixed-effects models (western DPS).-Similar to the pooled dataset, significant relationships were found for most models when dive response variables were examined with respect to independent static environmental covariates for the wDPS (Appendix S3: Table S2 ). In contrast, only a few significant relationships were found when mean and maximum dive depths were examined with respect to independent dynamic environmental covariates, whereas that was not the case for dive frequency. Season as represented by two periods (winter/summer) was a better predictor of dive response variables than calendar season based on AIC values, but calendar season was used in full models to be consistent with the pooled dataset.
Stepwise analyses of full models for the wDPS indicated all response variables were significantly related to a combination of the following predictor variables: season, distance to shore and shelf break, presence on/off the continental shelf, SST, fraction of lunar illumination, proportion of daylight, and some interaction effects (Table 4) . Eddy kinetic energy, which was included as a covariate in full models for mean and maximum dive depths, was eliminated during the selection process, whereas no covariates were eliminated for the dive frequency full model. Unlike the pooled dataset, season was only a significant predictor covariate for maximum dive depths, which increased during fall and spring (relative to winter). Independent of other covariates, diving was deeper as animals traveled further from shore and into warmer waters, though the effect of distance to shore was counteracted by distance from shelf break for animals that were off-shelf. A negative lunar effect was evident for maximum dive depths. Although AFSSLs primarily were nocturnal foragers, mean dive depths were deeper during the night than during the day when they were in waters over the continental shelf, whereas the opposite occurred when they were in off-shelf waters. Maximum dive depth was negatively related to proportion of daylight while on the shelf, whereas dive frequency was negatively related to proportion of daylight both on and off-shelf.
Dive behaviors (western DPS).-Overall, maximum depths of dive profiles (n = 21,644; Table 2) for three CAI AFSSLs (#3522, #61088, and #61105) averaged 28.9 AE 22.2 m. After interpolating dives to CTCRW positions, 20,941 dives were associated with wet, predicted locations and joined with environmental covariates. Similarly, maximum depths of dives for this subset of data averaged 29.1 AE 22.4 m. The majority of dives (99.5% and 95.5%) occurred in shelf waters for #61088 and #61105, respectively. In contrast, the majority of dives (68.2%) occurred in off-shelf waters for #35222. The majority (82%) of dives for all three AFSSLs occurred during night. Dives missing bathymetry data (n = 146) were not assigned a DI value; otherwise, DI values indicated benthic dives were confined to the shelf and comprised 12.4%, 69.5%, and 61.3% of dives for #35222 (n = 1073), #61088 (n = 10,425), and #61105 (n = 9297), respectively. Independent LME model results indicated relationships between maximum dive depths and static environmental covariates, lunar fraction, and daylight (Appendix S3: Table S3 ) were similar to results found for maximum dive depths from the wDPS histogram dataset (Appendix S3: Table S2 ). Unlike the latter dataset, SST was not significant or included in the full model for the stepwise analysis. Results of that analysis (Table 5 ) also were similar to those found for histogram maximum dive depths (Table 4) , except EKE (of opposite sign) was retained in the final model. Similar results between the two datasets were reassuring, given the dive summary statistics from histogram messages that were appointed to spatial positions did not always commensurate with the resolution of assigned covariates (e.g., dive depths and bathymetry).
Kernel density estimators
Full dataset (western DPS).-Grids of UDs based on KDEs (n = 74) for AFSSLs from the wDPS ranged from 182 to 209,844 cells ( x = 15,608, SD = 34,083), with 1 to 10 monthly grids per individual ranging from October to July (Table 1) . Home range polygons were closely aligned with the outlines of CTCRW tracks presented in Figs. 2, 3 , whereas core areas were substantially smaller and varied spatially across individuals and time (Fig. 4) . Number of grid cells for UDs ranged from 61 to 21,899 ( x = 3487, SD = 5769) after applying a land mask, data standardization, and defining habitat (Appendix S1). Only one month of data was collected for #61081, so data were not examined at the individual scale for that animal, but they were included in analyses when datasets were pooled across other groups.
Results of IMGAMs varied greatly within and among individuals (Table 6, Appendix S4:  Table S1 ), where k values ranged from 10 to 6130, r 2 values ranged from 0.983 to 0.999, and the percentage deviance explained ranged from 98.9 to Table 4 . Results of stepwise LME models used to examine diving behaviors (i.e., mean, maximum, and number of maximum dive depths from histogram messages) of 10 AFSSLs from the wDPS with respect to covariates that were significant for independent LME models. Notes: SST, sea surface temperature;°C, degree Celsius; Lun illum, fraction of lunar illumination. Other abbreviations and symbols are as in Tables 1-3. Significant covariates from independent LME models (Appendix S3: Table S2 ) were used to construct full models for stepwise analyses. Bathymetric depth and eddy kinetic energy were included in the full models for mean and max dive depths, but were eliminated during the stepwise procedure. 99.9 for 72 of the models. Two IMGAMs had poor model fits (r 2 = 0.470-0.670, deviance explained = 49.6-69.3% for #14751 during November and #34449 during February, respectively). At the population scale, AFSSL density was negatively related to distance to shore, distance to shelf break, and bathymetric slope, and positively related to EKE (Table 6 ). After calculating b estimates for each individual, that is, constructing an average of the effects across months, results indicated distance to shore was the only covariate that was consistently significant (-) for all but one individual (#61089; Table 7 ). A significant negative relationship between density and distance to the shelf break was also evident for five individuals ( Table 7) . KDEs of seven AFSSLs were related to bathymetric depth, whereby three of the relationships were positive and the remainder were negative. Negative relationships dominated significant findings for bathymetric slope as well (Table 7 , Fig. 5a ). Negative relationships between KDEs and SSH were observed for two individuals (#14751 and #61088), which predominantly remained near shore. In contrast, positive relationships were observed for #61142, which targeted a large mesoscale feature south of Agattu Island, and #34449, which primarily used Adak Strait. The KDEs of six individuals were related to EKE, five of which were positive relationships. This was consistent with the effect determined by averaging coefficients across all individuals and months (Table 6) . At the regional scale, KDEs were negatively related to distance to shore and shelf break, and bathymetric slope for AFSSLs from both regions (Fig. 6 ). KDEs of AFSSLs from the WAI were negatively related to bathymetric depth, whereas KDEs of AFSSLs from the CAI had a positive relationship with bathymetric depth and EKE (Fig. 6 ). This was not surprising given all of the individuals demonstrating a positive relationship with EKE were from the CAI.
At the monthly scale, coefficients were significantly less than zero for all months, indicating a negative relationship between KDEs and distance to shore (Fig. 7) . With the exception of January and March, a similar trend was found for distance to shelf break. Curiously, the trend for depth across months appeared to be opposite that of the trend for distance to shelf break (and to some extent shore), indicating that depth did not always covary linearly with distance to the shelf edge. This was evident when AFSSLs traveled through a deep island pass (e.g., Amchitka Pass) from one shelf area to another shelf area or in other areas where the continental shelf is not continuous throughout the Aleutian Arc. KDEs increased with an increase in SSH from late fall to early winter, but then exhibited a negative relationship from late winter into early spring. These results may have coincided with AFSSLs moving further from shore during winter (peak during December) and being exposed to more offshore features, but the SSH field was complex Table 5 . Results of a stepwise LME model used to examine maximum dive depths (n = 20,795) from behavior messages obtained for three AFSSLs from the CAI (wDPS) with respect to covariates that were significant for independent LME models. AIC = 14,086.722. Notes: EKE, eddy kinetic energy; Night, indicates night dives relative to day dives (dive profiles had a time stamp associated with them); s, second. Other abbreviations and symbols are as in Tables 1-4. Significant covariates from independent LME models (Appendix S3: Table S3 ) were used to construct the full model for stepwise analysis. Bathymetric depth and slope were included in the full model, but eliminated during the stepwise procedure. throughout the study area, changing through time and space. Only positive relationships were observed between KDEs and EKE at the monthly scale ( Fig. 7) .
Off-shelf dataset (western DPS).-The subset of data corresponding to modeled positions off the continental shelf resulted in 28 KDE UDs ranging from 256 to 207,408 grid cells ( x = 36,106, SD = 46,432), with 2 to 6 monthly grids for 6 individuals (Table 6 ) ranging from October to May. The number of grid cells ranged from 145 to 21,119 ( x = 7435, SD = 7101) after applying a land mask, standardizing the data, and defining habitat.
For the off-shelf KDE UDs, the basis function of IMGAMs could not be increased beyond 50 for one monthly dataset (#35226 during April), resulting in a poor model fit (r 2 = 0.301, percentage deviance explained = 31.7). Otherwise, k values ranged from 10 to 5250, r 2 values ranged from 0.982 to 0.999, and the percentage deviance explained ranged from 98.5 to 100.0 for the remaining 27 IMGAMs (Appendix S4: Table S2 ). Significant coefficients of IMGAMs for off-shelf datasets were similar to those of full datasets, with a few significant covariates gained or lost (Appendix S4: Table S2 ). At the population scale, KDEs increased as distance to shelf break, SSH, and EKE increased, whereas the opposite occurred for bathymetric depth (Table 6) ; this was likely owing to limits imposed on bathymetry.
Significant negative relationships between KDEs and distance to shore remained for all but two sea lions (#61142 and #61080) at the individual scale (Table 7) . Significant relationships with distance to shelf break emerged for five individuals (#35224, #61089, #61080, #35226, and #35222); all relationships were negative, with the exception of #61080, which had some core areas much further from the shelf edge. Unlike the full datasets, KDEs were not related to slope (with the exception of #61089), likely a result of AFSSLs switching to an epipelagic foraging strategy beyond the shelf break (e.g., epipelagic diving was evident because dives rarely exceeded 200 m for AFSSLs that used deeper waters off-shelf).
For dynamic covariates, a positive relationship between KDEs and SST was retained for #35222 ( Fig. 5b) and gained for #35226, whereas a negative relationship emerged for #35224. Opposing relationships for SSH and EKE emerged for #35224 and #35222 (Table 7) . Visual inspection of eddy field data indicated #35222 (+ SSH and À EKE) was associated with the rim of a cyclonic feature and the core of an anticyclone, both of which have greater SSH values (Fig. 5b) . Additionally, #35224 (À SSH and + EKE) appeared to use the rim of an anticyclonic feature (Fig. 5c ), albeit this was not apparent in any IMGAMs (Appendix S4: Table S2 ). Positive relationships between KDEs and SSH also became apparent for #35226 and #61080, with the latter AFSSL also having a positive relationship with EKE.
At the monthly scale, patterns of significant coefficients for static covariates resembled those of full datasets (Fig. 7) . However, a positive relationship between KDEs and distance to shelf break was apparent during October, whereas negative relationships between KDEs and distance to shelf break appeared for two additional months (January and March). In contrast, patterns of significant coefficients for dynamic variables varied more from the patterns of full datasets (Fig. 7) . 
DISCUSSION
To our knowledge, this study provided the longest duration of telemetry data available for AFSSLs and the first winter dataset for AFSSLs in SEAK and western Alaska. Similar to previous studies of AFSSL (Loughlin et al. 1998 , Andrews et al. 2002 and other species of lactating sea lions (Thompson et al. 1998 , McHuron et al. 2016 , Briscoe et al. 2018 , habitat use varied considerably within and among individual AFSSLs during this study. Overall, movements and diving behaviors of AFSSLs from SEAK resembled the seasonal distribution of predictable forage fish, whereas individuals from western Alaska utilized a variety of marine ecosystems, providing new insights into the foraging ecology of AFSSLs from those areas.
SEAK AFSSLs (eastern DPS)
During this study, the seasonal changes of inferred foraging locations based on diving behaviors, movements, and core areas of AFSSLs from SEAK bore striking similarities to patterns Notes: Abbreviations and units are as in Tables 1-6. Symbols are as in Table 6 . Fig. 5 . Examples of monthly core (50% isopleths) and home range (95% isopleths) polygons plotted with respect to select environmental covariates to illustrate significant cases provided in Table 7 , including (A) a negative relationship between kernel density estimates (KDEs) and bathymetric slope for the full dataset for AFSSL #61095, (B) relationships between KDEs and sea surface temperature (SST) (+) and eddy kinetic energy (EKE) (À) for the full dataset, and SST (+), sea surface height (SSH) (+), and EKE (À) for the off-shelf dataset for reported for SSLs and their prey in the literature , Womble et al. 2005 , Gende and Sigler 2006a , b, Sigler and Csepp 2007 . More specifically, the behaviors of AFSSLs from SEAK during this study appeared to conform to the foraging strategy proposed by Womble et al. (2009) Similar to other studies (Andrews et al. 2002 ), AFSSLs from SEAK dove deeper than AFSSLs from the wDPS. Deeper mean dive depths of SEAK AFSSLs during winter were fairly consistent with the seasonal patterns of mean dive depths reported for tagged juvenile SSLs in SEAK ) and the movement of adult Pacific herring to deeper depths at wintering grounds (January-February) or spawning beaches (February-March; Carlson 1980) . During this study, #61079 used common overwintering areas of Pacific herring in Favorite Channel (Gende and Sigler 2006a, b) from November to April, primarily around her capture site (i.e., Benjamin Island). The distribution, diet, and prey fields of SSLs in this area have been well studied, and previous researchers have proposed the seasonal use of Benjamin Island by SSLs allows them to locate predictable, energy-rich prey Sigler 2006a, b, Womble and Sigler 2006) . In contrast, the two AFSSLs captured in Frederick Sound (#61083 and #6111) presumably targeted overwintering herring sites in that area, but also moved elsewhere possibly because herring are not as predictable in Frederick Sound as they are in Lynn Canal (Womble and Sigler 2006 , Sigler and Csepp 2007 ). For example, #61083 used Port Houghton, which is also occupied by walleye pollock ), whereas #61111 moved to Sitka Sound, which contains one of the largest herring stocks in SEAK (Hebert 2012) .
Steller sea lions are less common at Benjamin Island during spring Sigler 2006a, Womble and Sigler 2006) when the body composition (lipid and protein content) and energy density of herring decreases Sigler 2006a, Vollenweider et al. 2011 ) and herring move out of the area Sigler 2006a, Womble and Sigler 2006) . These conditions likely accounted for #61079 and #61083 moving into Berners Bay during April (within a day of each other) before proceeding into northern inlets to probably feed on eulachon (Thaleichthys pacificus) spawning runs (Womble et al. 2005 , Willson et al. 2006 ). Sigler et al. (2004) found SSL abundance increased in Berners Bay when prespawning aggregations of eulachon formed during April-May and suggested the eulachon pulse was predictable and likely important to SSLs while experiencing increased energetic demands (e.g., gestation, lactation, and accumulation of fat stores for the breeding season). Following the peak in Berners Bay, large aggregations of SSLs have also been observed at other eulachon spawning sites, including Gran Point and Taku Inlet (Womble 2003 , which were visited by #61079 (Gran Point) and #61083 (Gran Point and Taku Inlet). The Taku River also has a large Chinook salmon (O. tshawytscha) spring run from late April to early July (McPherson et al. 2004 , Jones et al. 2010 .
The movements of #61079 and #61111 converged during June in Frederick Sound, an important migratory corridor to spawning grounds for Oncorhynchus spp., including pink salmon (O. gorbuscha; Heard 1991 , Womble et al. 2005 ). Salmon in this area have been characterized as a high-energy, epipelagic forage species (Womble et al. 2005, 2009, Vollenweider AFSSL #35222, and relationships between KDEs and SST (À), SSH (À), and EKE (+) for the off-shelf dataset for AFSSL #35224. Months chosen to illustrate examples were cases when the significance (A, B) or coefficient signs (C) of individual-based monthly generalized additive models (IMGAMs) were the same as those provided for the individual as a whole. C is celsius, DOY is day of year, m is meter, and s is second. (Fig. 5. Continued) ❖ www.esajournals.org et al. 2011), which may account for the shallower dive depths observed for AFSSLs during summer.
Western Alaska AFSSLs (western DPS)
Unlike AFSSLs in SEAK, which seemingly targeted predictable prey resources in areas that have been well studied, paucity of data made it challenging to find analogous associations with prey field distributions in western Alaska. However, relationships between diving behaviors and most static environmental covariates were consistent between the two datasets (i.e., pooled vs. western Alaska), suggesting western AFSSLs may have been targeting predictable prey ❖ www.esajournals.org 20 February 2020 ❖ Volume 11(2) ❖ Article e03021 resources in a similar manner, at least while in shelf waters. Though speculative, this assumption seems sensible as static features may provide a more consistent (and possibly reliable) source of habitat for prey. For the wDPS, distance to shore was the only predictor variable that consistently influenced the diving behaviors and KDEs of AFSSLs across scales, corroborating findings for juvenile SSLs in the Aleutian Islands , Hui et al. 2015 . Overall, dive depths increased with distance to shore, whereas frequency of diving and KDEs were greater near shore on the continental shelf. AFSSLs are non-migratory, landbased pinnipeds that return to shore to provision their pups after the breeding season (NRC 2003) . Not only is it advantageous for AFSSLs to remain close to shore for this reason, but it enables them to become familiar with their surrounding environment while possibly maximizing their foraging opportunities and energy intake (Orians and Pearson 1979, Womble et al. 2009 ). Although AFSSLs exhibit some site fidelity to haulout sites , some individuals are multiple central place foragers that seemingly alter their behavior depending on prey availability near a given haulout site (Raum-Suryan et al. 2004) . Assuming this is true, inter-haulout movements conducted by SSLs allow them to maintain a minimum distance to shore while foraging.
Although diet studies indicate AFSSLs and juveniles consume a variety of species, they do appear to exhibit fidelity to prey that are seasonally predictable in shelf waters Zeppelin 2002, Sinclair et al. 2013) . Two decades (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) of data based on all prey remains found in SSL fecal samples in western Alaska (west of Samalga Pass) indicated Atka mackerel (Pleurogrammus monopterygius) dominated the diet year-round, but during more recent years, the frequency of occurrence of some primary prey species differed slightly between seasons (Sinclair et al. 2013) . The diet was more diverse during winter when Pacific cod (Gadus macrocephalus), Irish lords (Hemilepidotus spp.), walleye pollock, rockfishes (Sebastes spp.), snailfishes (Liparididae), and some other species were more prominent, whereas Atka mackerel and salmon were more prominent in the diet during summer (Sinclair et al. 2013 ). Tollit et al. (2017) used DNA methods to detect additional species consumed by SSLs during the non-breeding season in western Alaska and confirmed that Atka mackerel dominated the diet, but Pacific cod, smooth lumpsucker (Aptocyclus ventricosus), and cephalopod species were important prey. Stable isotope values in vibrissae collected from SSL pups (used as an indicator of pregnant AFSSL diets during winter) indicated AFSSLs from western Alaska also relied on squid, which are typically underrepresented in scat analyses (Scherer et al. 2015) . Combined, these studies provide a more comprehensive understanding of SSL diet, which allowed us to interpret some of the patterns in our data for AFSSLs.
The distributions of core areas often were associated with SSL sites, but also overlapped some areas used by other age classes of SSLs (Lander et al. 2009 , 2011a , b, Himes Boor and Small 2012 and some Atka mackerel nesting sites (Lauth et al. 2007b ). In Alaska, Atka mackerel are patchily distributed and occur in water depths ranging from 70 to 200 m, but they enter shallow waters near shore during the breeding/brooding season, which can last from June to January (McDermott and Lowe 1997 , Lowe et al. 1998 , Lauth et al. 2007a , McDermott et al. 2016 . Thus, Atka mackerel may be predictable prey items for AFSSLs during this time (Cooper and McDermott 2011) until they move back into deeper waters and are less accessible (Fritz et al. 2019) . The timing of longer, off-shelf trips conducted by some AFSSLs in late fall and winter during this study may have coincided with the timing of Atka mackerel seasonal movements.
Some core areas of AFSSLs, notably those in northern areas of the Petrel Bank shelf break, also occurred in areas known to support concentrations of Pacific cod during the spawning season, which occurs from February to April . Otherwise, Pacific cod are most abundant on the continental shelf and tend to exhibit site fidelity (Bakkala 1984 , possibly rendering them predictable prey for AFSSLs as well. During this time of year, smooth lumpsuckers also migrate from deep waters to nearshore areas to spawn at depths <10 m (Mecklenburg et al. 2002 , Zhukova et al. 2018 , which makes them accessible to AFSSLs in shallow waters and may account for the limited variation in diving behaviors observed across seasons. Although our results were inconsistent with studies that indicated maximum dive depths of wDPS AFSSLs during winter were greater than during summer (Merrick et al. 1994, Merrick and Loughlin 1997) , it is important to emphasize that seasons were not defined consistently across studies. A twoseason approach (winter vs. summer) produced results more closely aligned with past studies (i.e., Appendix S3: Table S2 ).
Similar to AFSSLs tagged during the summer breeding season in the Kuril Islands, Russia (Loughlin et al. 1998 , Waite et al. 2012 , and SEAK ), most diving of AFSSLs occurred during night regardless of their distribution. However, mean dive depths of AFSSLs were only deeper during night than during the day when they were in waters over the continental shelf. The spatially explicit diving behaviors inferred for three AFSSLs coupled with the interaction effects (proportion of daylight*on/off shelf) observed for mean dive depths of AFSSLs from the wDPS indicated they were likely feeding on a combination of benthic prey species and species that exhibit reverse diel vertical migration (DVM), or type II DVM (nocturnal descent; Neilson and Perry 1990) while in shelf waters. For example, yellow Irish lord (H. jordani) primarily occupy benthic habitat (Reuter and Tenbrink 2008, Tenbrink and Buckley 2013) , but Atka mackerel, Pacific cod, and smooth lumpsucker display both benthic and pelagic behaviors (Nichol and Somerton 2002 , Orlov and Tokranov 2008 , Nichol et al. 2013 . Atka mackerel perform surface-directed vertical movements during the day (most likely to feed on zooplankton) and minimal, if any, vertical migration from the seafloor during night Somerton 2002, Rand and Lowe 2011) . Pacific cod are also benthic dwellers, but their foraging patterns can vary among individuals, habitats, locations, and seasons (Nichol et al. 2007 (Nichol et al. , 2013 ).
An interaction effect was not observed for diving behaviors during different lunar fraction conditions while on/off the shelf. Furthermore, inclusion of SEAK AFSSLs in analyses absolved any relationships between diving behaviors and lunar fraction. Otherwise, maximum dive depths were negatively related to lunar fraction for wDPS AFSSLs and this was true even if analyses were confined to nocturnal data. These results were inconsistent with those found for other pinniped species thought to target prey associated with the deep scattering layer (Horning and Trillmich 1999 , Ream et al. 2005 , Sterling et al. 2014 ), but consistent with findings for juvenile SSLs from the CAI (Lander et al. 2011a) , possibly due to SSLs foraging more on larger prey species as opposed to mesopelagic prey (K. Luxa et al., public communications. https://static1.squarespace. com/static/596e8ac529687ff6231cda81/t/5c48f 20288251b738e022a00/1548284448641/2019_AMS S_abstractbook.pdf).
Bathymetry, substrate, and prey availability may influence the habitat use of benthic predators (Bjørge 2002) . Previous studies indicated the diving behaviors and distributions of SSLs (primarily juveniles) were associated with bathymetry or bathymetric features such as seamounts and submarine ridges in Alaska (Merrick 1995 , Lander et al. 2011b . During this study, however, diving behaviors were not associated with bathymetric depth in full models and relationships between KDEs and bathymetry varied across scales. Lack of significance for diving behaviors may have been due to correlation between bathymetry and other covariates, which subsequently provided better model fits in LME analyses.
Although diving behaviors were not related to bathymetric slope, KDEs generally displayed a negative relationship with slope across scales. This was unexpected given various fish species appear to prefer physically complex habitats or high relief substrate Boldt 2005, Lauth et al. 2007b ), but consistent with findings of Lander et al. (2011a) , who found the majority of tagged juvenile SSL locations occurred in areas defined as flats. Similarly, Gregr and Trites (2008) found a greater number of SSL observations at sea occurred in areas of lower slope. They also found SSL observations increased as sighting platforms approached depths ranging from 150 to 200 m, which was consistent with the inverse relationships we found between KDEs and distance from the shelf break. It was difficult to tease apart some of our results given the complexity of the environment and some of the UDs, but perhaps the high use of low relief areas on the continental shelf closer to the shelf break outweighed the use of other areas by AFSSLs. Recently, Bryan et al. (2018) conducted optimal surveys of untrawlable prey fields during summer around SSL sites in the WAI and CAI, including some of the core areas presented herein. They found greater densities of some species (Atka mackerel, Irish lords, greenlings, and ronquils) were associated with rockier terrain, but unconsolidated substrate was the most common habitat encountered during surveys. For this study, the spatial resolution of the slope data was greater than the AFSSL UDs; thus, if AFSSL were targeting fish associated with high relief features, this could have been undetected in our data if those features were patchily distributed (or clumped) in broader, low relief areas. Moreover, slope may not be an important indicator of substrate type (Rooper and Zimmermann 2007) , the ultimate habitat of prey.
Contrary to tagged juvenile SSLs (NMFS 2014), AFSSLs used off-shelf areas more frequently. During late fall and winter months, three AFSSLs from our study entered off-shelf waters in the Bering Sea Basin, whereas four AFSSLs made longer excursions into deep pelagic waters of the North Pacific Ocean. Diel diving patterns displayed by AFSSLs, coupled with aforementioned SSL diet studies, a concurrent localized prey study (McDermott et al. 2014) , and past studies describing the distributions and behaviors of prey species (Favorite 1969 , Myers et al. 2007 suggest AFSSLs were likely foraging on a combination of pelagic species (e.g., rockfishes, walleye pollock, salmonids, cephalopods, and possibly Myctophidae) undergoing type I DVM (nocturnal ascent) in the water column. Although adult walleye pollock tend to occupy benthic habitat (continental shelf, break, and slope), they also occur in pelagic waters of the Aleutian/Bering Sea Basins and North Pacific Ocean (Bakkala 1993 , Bacheler et al. 2012 ) and there have been some accounts of adults displaying type I DVM elsewhere (Miyashita et al. 2004 , Adams et al. 2007 . Some salmon spp. in the open waters of the Bering Sea and North Pacific Ocean also occur at deeper depths during the day and near the surface at night (Ogura and Ishida 1992, Walker et al. 2007 ). Additionally, pelagic squid (Gonatidae) and Myctophidae (e.g., Stenobrachius leucopsarus) vertically migrate from deeper depths into the epipelagic zone during night (Watanabe et al. 1999 (Watanabe et al. , 2006 .
Overall, relationships regarding diving behaviors and KDEs of AFSSLs relative to dynamic environmental covariates were not as straightforward as those observed for static covariates. Mean and maximum dive depths were positively related to SST only, whereas no relationships were observed between diving behaviors and SSH or EKE. However, KDEs of AFSSLs varied with these dynamic covariates across spatial and temporal scales. Spatial variation in SST and altimetry data can be indicative of productive frontal features or mesoscale features such as eddies (Paluszkiewicz and Niebauer 1984 , Okkonen et al. 2001 , Chelton et al. 2007 , Gregr and Trites 2008 , which may concentrate prey for marine mammals, including SSLs (Orlov 2003 , Ream et al. 2005 , Gregr and Trites 2008 , Lander et al. 2010 , Nordstrom et al. 2013 , Pelland et al. 2014 , Sterling et al. 2014 . Relationships with altimetry data should be interpreted with caution for nearshore individuals that made small-scale movements because results were based on data extracted from a few grid cells. Relationships for AFSSLs that moved considerable distances, however, generally indicated KDEs varied in response to SSH and EKE.
Visual inspection of AFSSL UDs relative to altimetry products and OW imagery revealed there were many features present in the areas of most AFSSL tracks associated with Alaskan Currents. Eddies that originate in the Gulf of Alaska often become embedded in the Alaskan Stream, where their trajectories propagate westward along the northern slope of the Aleutian Trench to the CAI (Crawford et al. 2000 , Ladd et al. 2007 ). Drifter and altimetry data (i.e., amplitude and EKE) have signified eddies in the Alaskan Stream south of Amchitka Pass and within Amchitka Pass (Okkonen 1996 , Stabeno et al. 1999 , Cheng et al. 2014 ). These features likely influenced the distributions of AFSSLs directly while off-shelf (e.g., #35222, #35224, and possibly #61080), or indirectly while on the shelf (e.g., #34449) via cross-shelf exchange of heat and nutrients (Ueno et al. 2008) influencing the food web dynamics in that area.
Strong inflow through Amchitka Pass can impact the Aleutian North Slope Current and the formation of eddies in the Bering Sea (Maslowski et al. 2014) . Sea surface height variability in this area of the CAI is likely a result of flow-topography interactions between eddies, currents, and the slopes of Bowers Ridge (Ezer and Oey 2013) . The distribution patterns of #35224 were seemingly influenced by these processes, as she appeared to forage near a small, anticyclonic eddy off Semisopochnoi Island until that feature moved northeast. Though SSH or EKE were not significant covariates for any IMGAMs during that time for #35224, offshore data pooled across months indicated a combination of covariates (À SST, À SSH, and + EKE) consistent with waters adjacent to an anticyclonic, warm-core ring.
Despite the apparent use of mesoscale features by some AFSSLs, scales of measurement (be it for the telemetry or oceanographic data) did not always capture those behaviors statistically. For this reason, it was necessary to plot the data over various scales to aide with data interpretation. For example, #61142 appeared to visit a large, productive, westward moving anticyclonic eddy south of the WAI repeatedly until March, which was evident in altimetry data (Fadely and Lander 2012) . From a qualitative standpoint, it also appeared AFSSLs were using various forms of edge habitat, whether in the form of a thermal front, the continental shelf, or a mesoscale feature. Hence, further investigation of AFSSL behaviors and distributions with respect to SST gradients or distances to those features may be informative. For example, Sterling et al. (2014) found adult female northern fur seals (Callorhinus ursinus) changed from a transit state to a resident state when near eddy edges in the Gulf of Alaska and California Current.
Other biases associated with the resolution of our environmental data products may have also influenced our results. For example, smaller eddies (i.e., of similar size to the spatial resolution of the altimetry data) possibly went undetected in our OW investigations (Cheng et al. 2014) . Additionally, bathymetry has been precisely mapped in many areas of Alaska Benson 2013, Zimmermann et al. 2013 ), but much of it has been modeled (S. Lewis, personal communication). Cloud cover also likely impacted SST data, substantially reducing data availability and our model input sample sizes. Lastly, discrepancies in results for dynamic covariates across data groupings may have been due to the greater spatial resolution of remote sensing data coupled with the variable spatial dispersion of the UDs (e.g., some AFSSLs had a greater number of locations spread across a larger geographic area).
Single model inference with GAMs for the KDE analyses allowed us to account for spatial autocorrelation and process large, complex datasets that required a substantial amount of memory and computing time in a standardized fashion. The disadvantage of this approach, however, was that the GAMs were sensitive to sample sizes and the basis size (k) chosen for larger UDs, which required hand-tuning and supervised model checking. Although the mgcv package allowed fitting of these large spatial models in a straightforward and relatively fast way (as opposed to Markov chain Monte Carlo), future studies may benefit from a more black box model for the spatial component.
CONCLUSIONS
Multi-scale analyses provide a greater understanding of habitat use and are helpful for assessing informative scales needed for ecological interpretation and prediction models (Wiens 1989 , Acevedo-Guti errez 2009 , Mayor et al. 2009 , McGarigal et al. 2016 . For this study, comparisons of foraging behaviors of AFSSLs over time and space revealed pronounced individual variability within overall broader patterns. Diving behaviors varied seasonally and differed between stocks, though most relationships between diving behaviors and static environmental features were consistent between stocks. Within the wDPS, the spatial habitat use of AFSSLs was influenced by some static features (i.e., shore, shelf, and slope) for the population as a whole. Trends for these predictor variables remained similar at the regional scale, and to some extent the monthly scale (shore and shelf), but started to vary at individual scales (both within and among individuals). Given these patterns in the data, it seems reasonable to assume that individual variation in habitat use of these static covariates can be incorporated into predictive models for making population inference for conservation purposes (Wilson et al. 2018) . In contrast, habitat associations with dynamic covariates were more scale-dependent and managers should exercise caution when considering dynamic features as important habitat for SSLs at population scales. Rather, analyses should be adjusted to appropriate spatial and seasonal scales (Wilson et al. 2018) .
The dynamic features of marine ecosystems (e.g., currents, SST, and eddies) can be challenging to managers when assessing important habitat for species conservation because they encompass ambiguous boundaries that can rapidly fluctuate (Jones 2002 , Game et al. 2009 , De Santo 2013 . The intermittent use of only some dynamic features by some AFSSLs may reflect the fact that these habitat features are by their nature ephemeral, and may not consistently provide enhanced foraging opportunities. Many dynamic processes are persistent or interconnected with static features, however, which can be included in traditional, spatially fixed protected areas (Hyrenbach et al. 2000 , Game et al. 2009 ). Further investigation of the interaction of static and dynamic features and how they are situated relative to designated Steller sea lion critical habitat will be key to understanding the habitat needs of AFSSLs.
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